effective, but are ill-suited to a disease characterized by osteoporosis, often tuberculosis and often peptic ulceration. Their great use is for the frequent, complicating iritis. The value of exercises, especially breathing exercises, has long been recognized, but their exploitation has often been prevented by pain and spasm in the past before the advent of X-ray treatment brought these under control. Gravity-free exercises in pool or slings are particularly useful, and heat makes exercises easier and more effective. Adequate rest is a corollary of exercise, but does not imply fixation. Occasionally, still, a plaster bed at night is useful, but the patient must first be accustomed to it in hospital.
Although the patient should be encouraged to carry out all the activities within his remaining powers-and he seldom needs encouragement-it must be remembered that stiff joints and fragile bones predispose him to fractures, and that fracture of his spine will very likely cause paraplegia or tetraplegia.
Ankylosis of the lumbar and thoracic spine in good position implies little disability, but if the cervical spine or the hips are also fixed, the disability is great; if the knees also are fixed, the disability is very great indeed, especially if ankylosis is allowed to take place in the "anatomical" position, so that the patient cannot sit. Enthusiasm for the prevention of deformity is sometimes misdirected. There is not a wide scope for surgery in ankylosing spondylitis. Mobilization of the ankylosed hip may be important. Formal arthroplasty is doomed to failure, but movement can often be obtained by excising the neck of the femur. The consequent instability of the hip can be diminished by a supplementary abduction osteotomy of the femur. The combined operation (resection-osteotomy) has been popularized by J. S. Batchelor. Whether accompanied by osteotomy or not, excision produces movement at the expense of stability, so that the patient has either to bend sideways to bring his centre of gravity over the hip at every step or use a stick; the patient with ankylosing spondylitis cannot bend his trunk sideways, and so is wholly and permanently dependent upon a stick after this operation.
Of osteotomies for ankylosis in bad position, osteotomy (or rather osteotomy-osteoclasis) of the spine is nowadays popular. Deep X-rays The development of leukaemia in patients with ankylosing spondylitis treated with deep X-rays (Court Brown and Abbatt, 1955) focused attention on the bone-marrow. This report is based on an investigation of bone-marrow from cases of ankylosing spondylitis undergoing radiotherapy in the Meyerstein Institute of Radiotherapy of the Middlesex Hospital.
There have been very few reports in the literature on the effects of deep X-rays on the bone marrow of living patients-occasional cases only having been reported by Nordenson (1935 ), Schulten (1937 ), Meller et al. (1938 and Leitner (1941) . Denstad (1943) , in an excellent paper, surveyed the previous work and reported many detailed results of his own investigations into the subject. Included among his cases are four patients suffering from ankylosing spondylitis. Hutaff and Belding (1955) reported the results of marrow examinations from ilium and sternum in 10 patients with carcinoma of the cervix undergoing treatment with deep X-rays and radium.
METHODS
Bone marrow specimens were obtained by the following methods: (1) Puncture with a Salah needle. This method was confined to the sternal marrow. The site chosen was usually the manubrium but in a few cases the first or second piece of the sternal body.
(2) A small trephine using a Turkel and Bethell needle. The instrument used was manufactured by Messrs. Down Bros., and the large size was always used. This gives a small piece of bone about J in. in diameter and about i in. long. After removal of the trephine a syringe and adapter were attached and 0 25 to 0 50 c.c. of marrow was aspirated, as when a Salah needle was used. Smears were invariably made at the bedside directly from material in the syringe. 300-500 cells were counted on each smear. The remaining aspirate was placed in an oxalate tube for total cell count. This instrument was used on the manubrium sterni in a few patients and in all patients in whom iliac marrow was examined. The site chosen was just lateral to the posterior superior iliac spine, This is a readily accessible portion of the ilium, the muscle covering being thin and the bone thick, and satisfactory specimens easily obtained. This site is also well inside the treatment area in those cases in which the sacro-iliac joints were irradiated (Fig. 1) . Fig. 2 is a photograph of the instruments used.
MATERIAL
Observations were made on 76 patients attending the Meyerstein Institute of Radiotherapy. Treatment was given with X-rays generated at 200-250 kV. of quality represented by a halfvalue layer of 0 8-1 3 mm. Cu, at a focal skin distance of 40 cm. A skin dose of 2,100 r-1,800 r was normally attained in fields directed to the spine and sacro-iliac joints. In one patient, iliac and sternal marrow specimens were taken simultaneously with the Turkel and Bethell needle before treatment and seven days after it had finished. This is a representative case and I propose to examine the result in detail. Fig. 3 is a histogram showing the results of the iliac and sternal marrow examinations from this patient. The left-hand column of each pair is the pre-treatment specimen. There is no significant difference between iliac and sternal marrow before treatment. In each case cellularity is higher than normal but otherwise the marrow is within normal limits.
Seven days after treatment the iliac marrow specimen indicates complete aplasia. The cellularity is very low and no immature erythrocyte or granulocyte remains of the marrow cells, only polymorphs, lymphocytes, monocytes and reticulum cell remain although in greatly reduced numbers. The number of monocytes and reticulum cells are least reduced and so there is a relative preponderance of these types in the marrow count.
The sternal marrow specimen also taken seven days after the end of treatment shows reduction in cellularity to a normal level. Fig. 5 ) the immediate result was a reduction in cellularity to normal levels.
In each case the reduction was most marked in the case of the immature myeloid cells, although absolute numbers of all cell types were reduced. In the second category, represented by these patients in whom the marrow cellularity was within normal limits at the commencement of X-ray therapy (Cases 19, 25, 18 and 16 in Fig. 5 ) there was little alteration in cellularity after treatment, but there was a change in the myeloid/erythroid ratio especially during the first six to eight weeks following the cessation of treatment by X-rays. These cases all showed an erythroid hyperplasia associated with a mild degree of myeloid hypoplasia. Denstad (1943) and Hutaff and Belding (1955) observed a similar erythroid hyperplasia in marrow distant to site of treatment. This finding is difficult to interpret. The most obvious explanation is that hyperplasia is compensatory as the iliac bone-marrow is aplastic at this period. But this cannot be the full explanation as the iliac marrow is still aplastic after the sternal marrow has returned to normal limits. It may be that hyperplasia is temporary compensation until a redistribution of hemopoietic activity has occurred and that normal inactive marrow, e.g. in the femoral shafts, has resumed himopoietic activity to replace marrow rendered aplastic in ilium and spine by the deep X-ray therapy. This has not yet been proved but might gain some support from the results of the peripheral blood counts, since all cases of ankylosing spondylitis under treatment show no significant alteration in hiemoglobin concentration but a marked leucopenia, particularly neutropenia, which has largely recovered by the end of the second month after therapy has ceased.
The use of the Turkel and Bethell needle enables a small bone and bone-marrow biopsy to be taken and a section of such a specimen is shown in Fig. 6 . This is from the iliac bone of Case 1 discussed previously. The periosteum and bone are normal and there are cement lines (arrowed in Fig. 6 ) indicating that bone has been recently laid down. The marrow is more cellular than normal but is otherwise unremarkable. Fig. 7 shows a similar specimen removed from the opposite ilium seven days after deep X-ray therapy has ceased. The 
